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(57) Abstract 




A mcthiDd and syst^n for detecting nonfimctional ink^Jets 
and compensating for the nonfunctional ink-Jets in an^^^ 
^tcr (54). Hie ink-ja printer (54) indiidcs a printhead (44) 
having a pluraUty of ink-jets (192), each ink-jet (1^^^ 
assigned to print respective dots on a respective, raster line of a 
leooitUng medhmi in acicprdtoc^ 

when an inlc-jct (192X is detected as being d^fbctive^ at- least 
a portion of said print mask is r^)laced wife a replacement . 
mask (5()0) such that one or liibre of the remmiiing iiik-j^ 
(192) of the pluraUty of 

ink-jet. The metiiod includes: detecting when an ink-jet (192) 
is nonfunctional; and when an ink-jet is dctKmined to be 
nonfunctional, replacing at least a portion of the i)rint mask (100) 
with a replacement mask (500) such tfia^pite or mpre . 

remaining ink-jets (192) of the pluraUty of: iiJ^^^ ' ^ 

for ttie nonfunctional ink-jet In oider to detect a nonfunctional element, e.g., an ink-jet, in the printhead. the ink-Jet printer system of 
the invention further includes: a switching power supply (80), coupled to the ink-jet prindiead (44). for supplying power to ttie pinthcad 
(44); an output capacitor (164). coupled to an ou^ut of the switching power supply (80). for storing a dc voltage therein; a bleed resistor 
(166) coupled in parallel to the output capacitor (164). for dfecharging currwit from the puq)ut capacitor (164); an output shifting cirwut 
(164, 166, 172 and 174). coupled to the switching power supply, for shifting ttic dc voltage level across the output capacitor (164) from a 
low state to a high state; and a sensor (180), coi^led to the output of the switching power supply (80). for detecting when the switching 
power supply (80) is switching, wherein an elcmait of the printhead (44) is tested by measuring a test current discharging from the output 
capacitor (164) when ttic clement is activated and comparing the measured test current with a reference cunent which discharges from the 
output capacitor (164) through the bleed resistor (166) where no eleinent of the printhead (44) is activated. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a capacitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in ttie capacitor (164) from a low state to a high state; measuring a test current discharging from the 
capacitor (164) when an element of die printhead (44) is activated; measuring a reference current discharging from the capacitor (164) 
throu^ a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test current with the 
reference current* 
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INK JET PRINTER, METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
. . ELEMENTS 

Flelit ; of; the: liiivention 

the invention relates to multi-pass ink jet printing. More particulariy, the invention relates to a method and 

S system for distecting one or more failed ihk^j^^^^^^ thereafter compensating for the one or more failed ink jets with 

the iriemiathii^^^^ 



DescriDt ion of the Related techndloo v 

iyiulti-pass printing is a technque used to reduce band'mg in ink^jet printing. Dots of ink, when still in liquid 
TO; ; form, tend to run together due to sur^^^^^^ This is referred to as coalescence. To print a high quality image 

It is important to ^rint individual round dots. But to achieve fuD saturatBd colors; the dots must overlap to 
- completely CO priming 
: adjacent dots during each printing py^fe, ^^ all horizontal 

. . . adjacencies, the: transverse speed of the printing mechanism can be increased. up to two times the rated print speed 
.:t5;-7...:;-:oittlietp 

Multi-pass printing is accbmplisHed by filtering the miage data using a print mask to determine which dots 
are to be printed in each swath> A swath b defined as a r^tbn, or portion; of a recording medium which is printed 
upon by a ghfen pprti^ piinthead carl^^^^ nuinber of ink jets, as the printhead 

caiTtrid^^^^ 

20 pass of the printhead and fe partially: printed The printing of a swath is completed after it has 

su.cci^sively advanced through ^^^^^ 

In multi-pass printing, each jet of: a; printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specified areds or "dots" on a raster Tine which is currently in the jet's respecthre print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask, are not printed upon. 
Therefore, if one or liiore jets fail and there are many areas in which intended ink drops are not deposited, the 
quality of the printed image may significantly suffer. 

Prior art. methods have deah with tjiis; problem by utOizing auxiliary jets in the printhead which are assigned 
the task of .replacing failed jets. However, this method is inefficient because these auxiliary jets are inacthre during 

30 periods when there are no jet failures. Therefore, the auxiCary jets represent printhead resources which are not fully 
utilized to their maximum potential. Additionally, in order to safeguard against situations in which multiple jets 
simultaneously fail, not just one but a bank of muHipie auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the refiability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space m 

35 a printer than those printheads without auxSiary jets. 
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A basic premise of ink jet printers is tliat all ink jets must "fire" properly (i.e.. eject ink droplets) or tlie 
quality of the present image may be degraded. The detection of nonfunctional ink jets, otherwise referred to herein 
as 'open jet detection.' is a method of determining which jets Withih a printhead cartridge are electricaBy 
nonfunctional. This electrical non^functionality can result from open traces, damaged drop ejection resistors, changed 
5 resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fire, or fire improperly, 
resulting in anomalies in the printed images 

Defective jets can also result from clogged jet nozzles. iCurrent open jet detectiM inethp unali|e to 
electronically detect cbgged jMs that are stil electrica|!y cpniBCt. Hw^^ by execiBtlng ^ prime prfatlng patte^^ 
10 using a iirinthead cartridge under test; and obsenrrng t^ 
manually input the address or refisriBn^ 

^ ■'^ 0* ''efecthre or nonfunctional jet?, othemise r^^^^ the ^opeji^t li^^^^^^^ 

nonfunctional jets in the respective printteadicartrklji^ 

may be notifrnd as to when a priMhead cartridge has an unacceptable mpmber of nonfunctto 
15 prior art methods utnized tfiis open jet: list to compehsai^ ISr the nonfiinctio^^^^^ jets With one or inore auxffiary 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage aciass a >i6Slitor in series with 
the circuit. Prior art methods of deleting nonfunctional jets have u« 
printhead circuitry as one or mbre jets in a prints 
20 cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
iii series whh each set of jets for each cartridge for a total of 16 series resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop wiH be zero. The 
vohage drop across each of the series resistors is typically connected through a diode to a common point and 
25 compared to a reference voltage. The output from the comparison is an indication of whether a jet is properly 
functioning. By firing each jet one at a time, h can be determined whether each one has electrical continuity. 

The above^described method becomes less desirable as the number of jets and, hence, the number of sets 
of Jets, increases, necessitating an increase in the number of series resistors. These serfes resistors waste energy, 
generate heat, waste board space and cost money. The prior art method also has limited functionality in that it only 
indicates that the current through a jet vifas greater than or less than some predetermined threshold. This type of 
indication does not distinguish between the different types of problems which iiiiiy caiise an ink jiit to misfire, or 
hot fro at aH. For example, the prior art method cannot distinguish biitweeh a shorted power Gne, a shorted address 
fine, or a damaged drop ejection resistor in an ink jet printhead. 
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Summary of the invention . 
Tlii invention provides a^^^ detects nonfunctional ink jets in 

a jet group and utirizes any remainii^ jets of ^tt jcit group to compensate fbr tlie one or more failed jets in that jet 
groupif witluiut the utilization ; of othenyise idlo^^a^^ jets. The method aiid system of the invention accompfishes 
5 this task by assigning new replaicenient jet masks to the remaining jets of the jet group such that all areas, or dots, 
on a respective raster iihe Furthermore, thes^^^ forming horizontally 

and vertically adjacent dots during a single pass of the pri^ 

In one embodiment of ^^t^^^ an ink jet printer 

includes: a: piinihe^ 
1.0: assigned tej^^^ 

iairc divided into a plurality of jrt fltpufesi^ m groMip hs^ Qn^[ ink : j^t in print zone; a pliiriality of 

jet group masks c^rre^ each jet group miask 

allocates the pilnting of dots on si fespectnre raster jine to e^aich of the; ink jet^ of a resp ecthre jet group; an d a 
replacement jet group mask w 

' 15 jetS; wiferein^t^^ of 
II^^J^t gn^MP haying one pr As a rejuiti jets so as to of 

the jet group compensiate f or the one or more nohf iinctio ptsV this in that jet group. In a preferred 
embodiment, the above-described system of the invention does not uti^^^ jets which are idle during times 

d normal- 

20 In another embodiment, an ink-jet printer includes: a prihthead hav^^ a plurality of ink jets, each ink jet 

being assigned to print respecthre dots on a respecthfo raster line of a recording medium in accordance with a print 
mask, wherebi when an ink jet is detected as being defective, at least a portion of siaid print mask is replaced with 
a rieplacement print mask such that one or more of the remaining ink jets of the phirarity of ink jets compensates 
for the defective ink jet. In a preferred embodiment, the^a 

25 which are idle during times of normal operation. Tlieref ore, the resources of the printhiBad are maximized. 

In a further e^^^ in the printer an ink jet in a jet group is detected as being 

non-functional during a printing process, the replacement jet masks assigned to the remaining functional ink jets in 
that jet group successhrely replace the originai jet masks of each respecthre ink jet in that jet group ono print zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the driginai 

30 jet group mask to the repliacement jet group mask. 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successively updates the portions of the print mask corresponding to only one print zone at 
a time. For example, if a defectnre jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, tlie jet masks corresponding to print zone 



A/O 99/08875 



Page_6_ot59 



WO 99/08875 PCT/US98/16101 

4 

2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group masi( to the replacement jet group masked is achieved. 

In another embodiment, in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respective remaining functional ink jets of the first jet group based upon the 
5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first jet group is adjacent td said second jet group, the plurality 
of replacement jet masks are assigned to respectWe remaining functipnaNnk jets of 

a rotation scheme such that the order of assignment of the plurafity of replacement jet masks to respective 
functional mk jet$ in the second^ group is rotated when icompared to the order of assignment of the plurality of 
10 replacement jet masks to respecthfft functioofl jets In the first jet group so as to avoid the assignment of 
Identical rejrtMementjet 

The invehtnh further the multi-pass printing method to or eli^nate codt^cehce d^^^ 
dots by foDbwing a compensation scheme which avoids the printing of vertically and horizontally adjacent dots during 
a single pass of the printhead over the recording medium. If adjaceirt jets; are non-fu^^^^ 

15 assignment of the replacement masks to the remaining functidhial jists of a second jet group is rb^^^^^^^ siich that 
adjacent functional jets do not have identical replacement maSks. In this way, vertical adjacencies are minlm^^ 

In yet another embodiment a method of compensating for lionfunctibnal ink jets m an ink jet printer 
kidudes a printhead having a plurality of ink jets, each Ink jet being assign respective ddt^^^^ 

raster line: of a recording im^ ib accbrilan^e when one or mM i^ 

20 determined to be nonfunctional, replacing at least a portion of thevprint m»k whh a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet. In 
a preferred enibbdiment, the above^described method docs hot i^^^ which aire idle during^ 

normal operation, to compensate for the one or nnore nonfuhctibhai ink jets. Therefore, the resources of the 
printhead are maximized. 

25 The invention further provides significant advantages over the prior art by proviifing a method and system 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned bn, or after an address lihe to the ink jet has been turned on, for example, and 
comparing this test discharge rate with a reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defectwe ink jet, a defectWe power line, or a 
defective address line, for example. Once such a determination is made, information regarding a defecthre element 

35 of the printhead may be stored in memory. For example, if a ink jet is determined to be defecthre, its address may 
be included in the open jet fist described above which is stored in a memory of the ink jet printer. 
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As used herein, the term "element" may refer to any component such as an ink jet a power line, or an 
address line within a printhead cartridge, or ariy other cdmpbhent within an ink jet prihthead cartridge. Additionally, 
when an element is said to be ''activated/ this term may refer to the tufhihg on of a power line or address fine, 
or the firing of an ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any cbitibihatibn or conjugations thereof, should be given 
their ordinaiy broad meaning and scope. Additional^, unless otherwise indibated, the terms "printhead** and 
"printhead cartridge" are used synonymously and in 

The iniprqyed detection ine^^ nieasui^es the tinie it takes for power supply 

capacitors sufiplylng power tP one or nipre ink jet cailridges to disc of current, the average 

10 current supplied by the capacito 

dverage — 

where C is the capacitance of the povver supi^^^ 

dT is the time measured for the voltage change to occur. A ivvhchihg powbr Supply which supplies power to the 
InkJet cartridges is enhanced to provide tlus meastirement capaibiiity by the addition :of two functions; In a preferred 
embpdnnent a first function increases the quiescent qutput ypKage ieyej by an amount equal to dV and thereafter, 

15 decreasbf the; quiescent yoltage jeyet to its qr^ causing the power su^^^ to interhipt its switching, 

operation untS the output capacitor (C,) 106 discharges to its original quiescent levels. In other words, the switching 
power supply win temporally cease providing ah output pulse waveform until the output capacitor.(C,) 106 discharges 
. . tb. the original levels. A second fuiictibh detects whep the.svvitchihg p^ after the 

voltage acrb^^^^ the capacitors has decreased to hs brigliial TeM lii this way/ the fiihe re^^^ fblr the output 

20 capacitor to discharge an amount of current which cha vohiage across the capacitor by: an amount equal: 

to dV can be measurel 

In order to detect clogged Ink jfits, the dbtb^^^ ^^^'l!!^^ ^"^^^^y^!^'^!;.?^^ ^^m^?".^^" ajiso utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional, the operator can then manually input the referctnce designation or address of each 
25 nonfunctional ink jet into the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of ribhf unctibhal ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the inkjet printhead, for supplying power to the 
30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, whiereih an element of the printhead is tested by 
'"'^i**"""^ * current discharging from the output capacitor when the element is activated and comparing the 
^ reference current which discharges from the output capacitor through the bleed resistor 
when no element of the printhead is acthrated. 

another embbi^iment,^ ink jet printer systm f in an inic jet 

printhead; includes: means for supplying regulated power to tta printhead; cap^ci^^^ the means 

for siyiplying re^^ RPWer« for stpnna^a^^ from the capacftor 

mMns; meaiw for shiftm^^^ 
for measuring a test curiBH^ 

and means for comparing the measifred test current with a ref erenitie current whii^i dccha^^^ 
means through only the for dischargihgi 

In a further embodiment, a method of detecting a nonfunctional element in an ink jet printhead includes the 
acts of: supplying regulated power to the printhead; storing tte regula^d power^^^^^^^^^^^ 

dc voltage across the capacitor; shifting the dc voltage level stored in the capacitpr f ram a low state to a high state; 
measuring a test current discharging from the capacitor when an element of this prttth^^^ is activated; measuring 
a reference current dischargmg f rem the capacitor through a bleed resistor/ when no elements of the printhead are 
activated; and comparing the measured test curTent with the reference: cufre^^^^^ 

Brief Description of the Drawinos 

Figure 1 is a block diagram of the components of an ink jet printer system. 

Figure 2 illustrates a pbrtibn of a print mask for a 104 jet pr^^ 
to a six-pass multi-pass printing configuration. 

Figure 3 illustrates sa jet masks corresponding to jet group # 2 of the print mask of Figure 2, each jet 
mask corresponding to a respective jet and a respective print zone. 

^W^^^ '''"5^''3tes the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group # 2 of Figure 3; as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Figure 6 illustrates a first replacement jet group mask for a jet group which has one defective jet, in 
accordance wfth one embodiment of the invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
in accordance with one embodiment of the invention. 
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Figure 8 Hltistrates a third replace group mask for a jet group which has three defective jets, in 
accttfdaittce wlihiiO^^^ 

Figure 9 illiiistraites a fduilh rieplacemen^ jet grbup masic f or a jet grbtip which has fbiir defective jets, iii 
accordance with one embbdimen^^^^^ 
5 Figure 1 0 illustrates the correlatibh between each of the six print zones ■ and each replacement jet mask of 

• the first replacement jet gro of Fflure 5. 

Figure 11 illustrates a pbrtlon of a print mask when jet 12 in jet group 12 is determined to he non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Figure 12 illustrates the printing c^ swaths of a recording medium as the recording 
10 medium successWely p^sse^^^ the six print zpnes of the printhead of Figure 2 when using the print mask of 
Figure- 11. 

Hgure 13 illustrates identical replacement Jet masks assigned to adjacem jet^^with^ each print zone. 
Rgure 14 illustrates the first re^^^ 
in a round robin fashion to be utlHzed on a^ 
V.15 Figure 15 ilkistrat^^ the f ii^ replacemem jb^^^^^ 

rotated version of the first replacement jet gro^^^^ in Ftgiiire 14; assigned to b $ec(ind jet group, 

adjacent the first jet group; in accordance^^^^^ 

Figure 16 illustrates a 
to detemiBj^ 
20 inventbni 

Figure 17 illustrates an ink jet matrix which exemplifies the relationship between each ink jet in an ink jet 
cartridge and their cdrresponditig power lines and address Imes. 

Figure 18 is a response curve which illustrates & decrease m voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed Describtion of the Preferred^^E^ 
The invention is described in detail below with reference to the figures. 

Referring to Figure 1, various components of a typical ink jet printer 54 are illustrated. These various 
cpmponents include the control electrora the ink jet printer 54 which are used to control ink droplet ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs drwer software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located whh'm the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual init jet of tiie cartridge 44. The system comprising tlie switching power supply 
80 and tho printhead cartridg044, toupled to the output of the power supply 80, is described in further detaO below 
with refereiicie to Figure 16. ' 

The processor 52, in accordance with internal firmware stored m a portion of the memory 58, selectively 
ejects mk droplets from the ink jets of each cartridge 44. The programmhg of the processor thus determines which 
ink jet of the pfinthead cartridge 44 is assigned to be used to ^ct an ink droplet onto any given grid bcation of 
the printed image when the relevant swath being printed calls for a droplet In multi-pass 

printing, for example, the set of nozde tp grid location assignments is commonly referred a print mask, and 
the print mask defmrtion is stored in memory 58 in the ink jet printer 54. The function and Qper«ion of a print 
mask is descrixed m further det^O below vvjfh referents; to F«ur» 2'14§ 

''"^""M" "^^ure 2, one example of a print n^^^ having six print zones 102a-fi and 17 kidividuai 
jet masks 104 whhin each prht zoiHi ICEa-f (for a total bf T02 individual jet masks 1|^). is illustrated. A separate 
print mask 100 b defined for each print4node (mimber of ^ 
throughout the processing and printing of an image. The pmit m^ 
that drtermine the dirts fired by each jet d 

adjacent jets on the printhead do not print horizontally irverfeSly a^ 

the recording medium. As described above, by avoidiiHj hdrizdAtal a^^ 
anomalies and distortions caused by the coalescence of adjacent dots are substaiitfeily reducei 

As siipwn in Figure 2. the indiyidua^ 
number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
no.'s 2. 19, 38, 53, 70 and 87 make up jet group mask no. 2. Figure 4 illustrates one embodiment of jet group 
mask ho. 2 which includes the six jet masks 2. 19, 36. 53, 70 and 87. These six jet masks 2, 19. 36. 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4. 5 and 6, respectively. 

During printing, each print zone 102a-f prints a swath of the recording medium. Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not limited by any specific number of 
raster lines in a swath or Jet masks in a ghren print zone. Different embodiments are envisioned which contain 
different numbers of raster lines per swath and/or jet masks per prim zone. 

Referring to Hgure 4, each jet mask 2, 19. 36. 53. 70 and 87 of the jet group mask of Figure 3 is 
illustrated within its corresponding print zone 1-6. Each raster Ene in a swath is printed by a single jet group with 
the woric being shared between the members of that |et group. For exampb, during a first pass of the printhead 
over the recording medium, a swath of the recording medium is in print zone #1 and the second jet of the printhead 
belonging to- jet group 2, prints dots on a corresponding second raster Bne 302 of the swath in accordance with jet 
mask 2 of Figure 3. Figure 4 further iHustretes the albcation of dots on a single raster ine 302 in accordance with 
jet masks 2. 19. 36. 53. 70 and 87 of jet group mask 2, as the single raster line 302 advances through each print 
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zone 16. As shown in Figure 4, jet mask 2 indicates whicli dots on the second raster line that jet 2 is responsible 
for printing. If thiB ima^ lis responsibliB for, this dot 

is printed during the first pass of the printhead over the swatK whe^^^ in print zone 1. 

After printing the swath in print zone 1, the recording mecGa is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone Z When the swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a meriiber of jet group Z In print zone 2/ the second raster line 
302, which has been partially printed upon by the second jet when it was in print zone 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a secohd^^^ of the printhead over the recording medium. 
As discussed above, the nheteem^ and jts corresponding jet mask 19 is the next member of jet group 2 which 
10 is responsible for printing the seppnd raster line 302 in the swath. Jet mask 19 allocates which dots are printed 
by the nineteenth jet. 

After printing the swat^^ print zone i the rew^ again /|dvari an amount equal 

to the size of one zone such that the swath is now in pnnt zoiie^ second raster line 302 is 

aGgned with a 36th jet of the printhead and- is pnhte^ by the 36th jet in accordance with jet 

.15 mask:36i %ri^^ 

the ab&vlHl^nbed pr^ zoiie. As 

shown in .Figure 3r after the: each of the 
six print zones/ aiji the dots of tiie raster 1^ 302 are accounted fpr,^^^A^ *^qt ^ refers to any 
area of any shape 

20 Figure 5 illustrates adiacent swaths of a recbrding medi^^^ various stages of a six- 

pass (hence, six zone) printing process, the configuration of dots on the. recording medium represents all the dots 
whteh may. be printed hi a given zdiie plus all previous ziin^. : In the example. shdwh,. the image tb.be printed on 
the recording medium is a solid ihriajBe, otherwise known as a *cbldf fill/ icdverihg the entire! printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purpoises of distinguishing the different areas or "dotsf qh the ^ not visible on the actual 

recording medium. It is further understood, that the dots printed on the recording medium may have overlapping 
areas such that there are. no sp.aces between adjacent dots if a solid image, or.full..''cplorfiir is. desired. 

Open jet compensation is a modificatnn to the multirpass printing, method described above, which allows 

30 for the use of informatidri regarding defecthre or hdhrfuhctidnal jets to dynamically modify the print masks of a 
printhead to cdmpensate for the non-fuhctibhal jets. This type of compensation scheme typically results in minimal 
degradation in print quality and no degradation in printing speed when there are relath/ely few defective jets in each 
jet group. Ahhough the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads whh different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 

jet group mask that is appropriate for the number of functional jets remaining in that group, in one embodiment, 

the maximum number of jets in a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 

3, 4 and 5 jets remaining. These replacement jet group masks take the responsibility of firing dots away from the 

5 defective jets and assigns the responsibility for printing the entire raster One to the remainm 

"that jet group^' 

Defecthre jets can result from open traces, damaged drop ejection: resistors/ changed resisted or 
poor contact between the cartridge and the *flex drcult" which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nozzles. All of these errors will cause a jet or jets 

10 not to fire, resuttirig in anomaRes tn the printed image. The inyentidn may utifize any wellrkiiown method or 

of detecting defective jets in ink jet printers. After one or more jets ^h^ been determined to be hbn-functibhal, a 
list of the defecthre be generated, either autpmMiciefly^^^ pperi^iDr of the ink 

printer, and stored w^ jiik-jet printer, 

necessary to update the prM masb^^ 

15 '[ imprbyeidm^ 

ink jets ahfi compensate for t^^^^ jeu whli one or mpra functional ink jet$^ Thif novel 

detection method ^and system is desoribed: in; gre detail tetowvw^ 
Referring to Figure 6/ a^sum^^ 

: replaciament: jri grbup iii order to eliftbatS jirinting 

20 of the entire raster line to the f we remaining, funct^^ group. The first replacemeritj^^ 

500 includes individual replacement jet masks 501*505. When one of six jets in a jet group fails, that jet is shut 
off, or completely masked, and the original jet masks for the remaining five functional jets of thiat jet group are 
replaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non-functional, 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending print zones, is the jet in print zone 2 for that respective jet groiip. Therefore, replacement mask 501 
is assigned to that jet in print zonei 2. Similarly, the replacement mask 502 is assigned to the jet in print zone 3 
for that respecthre jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respecthre jet for that jet group in print zone 1, replacement mask 502 wouM be assigned to the respective jet in 
print zone 2, end replacement mask 503 would be assigned to the respecthre jet in print zone 4, and so on. 
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As shown in Figure 6, by replacing the original Jet group mask with the first replacement jet group mask 
500, when: a jet of a jet group is deter^^ for the hon- 

functional jet is iailocated aimbng the ie^^ thilway; a conripl^^^^ having" no 

dots : unaccounted f or^ may stiH be produced by the t ; jet group* 

5 Referring to figure 7, a second repla^^^ 

jets is illustrated, the second set of replacement masks iBOO includes replacement masks 601-604 each 
corresponding to one of the four renijainihg jets for thatjet g $imildr to the allocation scheme described above 
with reference to Figure 6, the replacement masks 6p1:6d4 are aU^ to the rernaining functional jets by order 
of ascending prmt zone zones 1 and 4, the first 

10 functional jet would be that in print zipne L in print 

zone 2, replacement mask 602 would be: a^^^ corresponding jet in: print zone 3, replacement mask 603 

would be assigned to the tdrresponding^^^^^^ 5 and refilac^^^ 

cbrrespondihg jet in print zone 6; As shown in FiguriB 7^ the repiace^^^^ f oiir remiaiiiing 

.. functional Jets of a jet group having two ndn-functionai j^^^ dot.s 

IB^VL/'TOaitieiiw 

Figure 8 Blustrates a tfiirid replacement jet grqu^^^^^ hsiy|ng thii^e non-functioniBl jets. 

the third set of replacenribnft masks- 7ro^ ta the three 

remaining functional jets of : a M^^^^ In one embodirnent, the 

replawment^^^f^^ 

20 discussed above with reference to Figures 6 and 7. As shbwh in Figure 8, the replacement masks 701 -TOS allow 
the remaining jets of a jet group, having three non-functional jets, to print a complete raster line 704, with no dots 
. unaccDUiited for. 

Fiigure 9 iBustrates a fourth set of repliacemeht rnasks 800 fd a jlBt grbtip having four noh-functional jets. 
The fourth set of replacement masks 800 indudes replacememinasks 801 and 802!, w are allocated to the two 
25 remaining functional jets of a jet group determined to have four non-fuiictional jets. In one enibodiment^ the 
replacement masks 801 and 802 are assigned to the remaining jets by order of ascending print zone numbers, as 
discussed above with reference to Figures 6, 7 and 8. As shown in Figure 9, the replacement masks 801 and 802 
allow the remaining jets of a jet group, having four nqnrfunctipnal jets, to print a complete raster line 803, with no 
dots unaccounted for. 

30 In order minimize coalescence and to maintain full speed printing, horizontally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reason, at least two jets in each jet group should remain 
functional for the abbve desch'bed replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure 10 illustrates the replacement masks 50V505 of the first replacement jet mask 500 assigned 
to the remaining jets of a jet group having one non-functional jet. each Training jet being in a respective print zone. 
As isihown in Figure 9, the defective, or non-f uhcfm^^ is located In print zone 1.^^ t^^^^ in print zone 

1 is completely masked, or turned oft such that no dots are fired onto a respecthre raster Hne of a recording medium 

5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printhead in the direction of 
arrows 902, the raster line advances to the next print zone and the next jet in the respecthe jet group may print 
dots on the raster line in accordance with the replacement jet mask 501. As the recording medium contmues to 
advance in the direction of the arrowf 902, the raster fine successively passes throiigh each of the pHrit zones and 
the successive jets of the respective jet group print dots on the raster line |n accordance with their respecthre 

10 replacement masks 50 print zones, each dot, 

or designated printing area^ on thrra^^^^ is ac(»unted for, as shown by the^^^c^^ 

Figure 11 shows a portion of a print mask haying the first replacement jef^rou^ Figure 6 

assigneii to jet grpiip 12 becauise jfi^ groupMl haf j^eeni^^ Note: that jet 

12, in print zone 1, of >t gr^^^^^^ thefofore, not responsible for pr^^^^^ on 

15 its re^pei^W^ TlSiwImaiv^^ 

masks 501^ 503, 504 and 505 (fig. 6), respectively, so as to compensate for the non functional jet 12. 

Figure 12 illustrates adja^ a recording medium 

a siwone printto^^^^ ^Ssign^d to;^ 12. 

: Nbte thaiT^ 

20 on it. However, as this raster fine advancies through each of the successive stages, it will be completely "filled in* 
with dots. As shown in Figure 12, after raster line 12 has completed printing in print zone 6, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example shown, the image to be 

25 printed on the recording medium is a soBd block of ink covering the entire printable surface area, othervvise refw^ 
to as a color fill As shown in Figure 12, each dot is within a square box which represents the area on thia 
recording medium which is intended to be covered by the dot of ink. However, these square boxes: are illustrated 
merely for the purpose of distingui^^^^^ areas on the recording medium and are not necessanly yteible 

on the actual recording medium. Furthermore, the dots printed on the recording medium may have qyerlappirig areas 

30 such that there are no spaces between adjacent dots if a solid im^^^^^ 

For a ghren number of ntiri-f unctuhal jets in a jet group, the same set of replacement masks, corresponding 
to that number of hbn-functional jets, is used regardless of which jet in the jet group is identified as defective; As 
shown in Figure 11, when replacement masks are appGed to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 

35 quality degradation. 
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However, if jets, in acQacent jet groups, are identified as defective, identical. replacement jet masks would 
be iised: f or: adjace^^ jets in print zoiiejs. w^^^ rpainiiig fuhctioha^ of each of the adjacent jet 

groups. Fqure 13 Oliiistrates the use of ^M^^^ each having one 

defective jet. The first set of replacement jet masks 500 of Figure 6 is usfsd for eac^ groups. 
S As shown in Figure 13, adjacent remaining function^^^ both jet groups woiild produce a significant number 

of vertically adjacent dots wHhih ea^^^^ pnnt zone. 1%^^^^^^ in coalescence and, 

conseqiiently, significant print i|uality degradation. 

In order to avoid using i^^ a rotation scheme is 

used for the placOT^ For example, jf a jet fai^ in je^^^^^^ then the replacement 

10 jet mask^ 501 505 (Fig. 8) are suc^ to the remaining functioha! jets of j^^^^ in the order 501, 

502, 503, 504 and 505. Each repta lament mask 501-505 is assigned to its rei$pectlve jet by order of ascendihg 
print zone number/as described aboye. If a jet also fails in jet group 2, the replacemen^maisks 501-505 are rotated 
such that they are appDed to the remaining functional jets of jet group 2 in the order 502, 503, 504, 505 and then 
501. This rotatton process is repeated each time another jet in an another adjacent jet group, e.g., jet group 3, is 
15 determinied to be^ ribn f Unctidnai. thie nejft rotatmn Would result iii the order 

.$03,: 50^^^ and;thea5K^^^^ 

Figure 14 illustrates the first set of replacement masks 5d0^^a^^ 
rotated once sujc^^ t 501*;^05 are appji^^^^ jets 

:::pf afetgrpup isj 

20 one which is applied to the remaining functidhal jet in the lowest print zone, replacement masik 503 is applied to 
the functibnal jet in the next lowest print zone and so on. Replacelnem mask 501. isijiowithe last replacement mask 

.:'.'tb;M:applied,.:.':. 

By rotiatihg the order of the: replacement masks when there are iion-functional jets in adiacent jet groupis, 
vertical adjacenctes are minimized and print quality is maximized eveh when there are many defective ji^ts in a print 

25 cartridige^ Referring to Figure 15, a first jet 130 of a first jet group is non-functipnal and a second jet 132 of a 
second, adjacent jet group is also non-functio^^^^ the replacement Jet masks 501-50^^^^ arei applied to the adjacent 
jet groups usmg the rotation scheme described above. In print zone 2, replacement mask 501 is applied to a first 
remaining functtonal jet of the first jet group, while replacement mask 502 is applied to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 

30 dots. printed by the remaining functional jets iri print zone 1. Similarly, in each of the other print zones 3-6 there 
are no identical replacement masks for adjacent jets, and hence, ho vertical adjacencies. 

If new defecthre jets are detected in the middle of a plot, a firmware algorithm, which updates one print 
zone of the print mask per pass of the printhead, allows for the smooth transition to open jet compensation. Print 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 

35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. If a new defective jet is detected in the middle of printing job, on|y the jet masks corresponding to 
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print zone 1 are updated for the next pass of the printhead. After-completion of that pass, the jet masks 
cbrrespdhding to print zone 2 are updated but the jet masks correspondih unchanged. 
This process continues until all the zones have beiBh successhrety updated to the new ^ m of ascending 

print zone numbers. In this way, a corresponding raster line which has been successfully printed In a print zone. 
5 prior to the failure of the defective jet> completes its subsequent stages in any subsequent print zones in accordance 
with the original jet rnaskis f or the i^spective jet group responsible for printing that raster iine. 

The foHowing describes an unproved detectkm method and system for detectfaig nonfunctional ink jets, or 
other elements, ki an ink jet printhead, w^^^ is utized in a preferred Gtmbodiment of the invention. However, it is 
understood that the iriyention is not limited to the belo^^^^ any 
10 detecttan method and syttt^^ : : ; 

Rieferitio id iHgute one 
embodiment of the invention, is illiistj^edJ llie circuit 160 ih^^^ 
vtfliteh biitputs a puise^liare vvat^ (VqJi 1^^^^ 

CouplM to the inductor t^^ with thO:^^o^^^ 

15 idw^pass fater for the output (\^) of the 

switching power supply 80 is a piibi square wave having period t. the jow^pass filter, comprising the inductor 
(L|M62 and the output capacitdr (C^)1M^^ output pulse square wave infq^ r (Vc) 

wWch is stored m the output capabitoriej: liB4. An output 'bjeed" resistor (R,) 166 is coupled in parallel vwth the 
output cipacftor (Ci)1i^^ ^t a 

20 rate which is inversely proportional to the value of the resistance of the bleed riesister (R,) 166. Switching power 
supplies and low-pass output filters such as those described above, and their principles of operation, are well-known 
in the art. Therefore, a detailed discussion of the function and operation of the switching po\lver supply 80 and the 
low-pass output fiHer. comprising the mductor (L,) 162 and the capacitor (C^) 164, is not provided here. 

In order to regulate the oiutput voltage V^^^ of the switching power supply 80 and hence; tho dc output 
25 voltage Vc present on the capacitor (C,) 164, a feedback circuh is coupled to a feedback port (FB) on the switching 
power supply 80. The feedback circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
164, which divides the dc output voltage (Vd into a desired feedback voltage (V^b) which is then applied to the 
feedback port of the switching power supply 80. The feedback network consists of a second resister (R2) 168 and 
a third resistor (R,) 170. As is weil-khown m the electronics arts, the magnitude of (Vpo) is related to the values 
30 of Vc, R2 aind Rg by thiB following equation: 

In order to regulate the dc output voltage (Vc), the feedback voltage (Vps), which is directly proportional to 
the dc output voltage (Vc), is compared to a reference voltage (Vref) to determine whether the output voltage (Vc) 
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is within a desired voltage range. The reference voltage (Vi,^) is provided by a reference capacitor (Cj) 176 which 
is cbhhected in senes w 

source (VrdutJ of the switching power supply 80/ the switching ^ the low-pass fihe^ 

162 and (Ci) 164, the vohage-dhdder re^^ 

scheme briefly described aboye^ are weliknown in the art and; therefore, need not be further described herein. The 
switching power supply 80 may be any commercialiy available povyer supply which can provide the desired regulated 
dc output voltage (VJ. In one embodiment, the desired dutpm voK^^^^ and the values 

of the various abo^^^ . . 



ID;::"-.::.;-;.:: .: 1^,;:..::;::: ■::::::G,;:::::::;..:;:/"':;Hv':;: ::;:.:::;:-::.:R2. :::: R^^ R4 ■■ ■ - C2 - 
AOjjH : 4pOy/f IKQ 1.65KQ IKQ 100KQ 2.2^f 30KQ 

Coupled to the dc regulated output voltage (Vc) of the svvhchihg power supply 80 is the printhead cartridge 
44 of Figure 1 having eight power lines P|-Pa. Each power Ene Pi-Pb is activated by a corresponding switch 190 
15 which provides electrical con respectWe 
ink jet 192. Each of the ink jets ^ t^^ further coupled to a respective address yyhich are 

"turned on'' by a respective switch 194 which opens and closes to provide electrical connectivity bet ween electrical 
ground and each of the ink jets 1 92. In one embodirneht, eadi of the switches 190 and:l94 corresponding to the 
PQVvefcRrtesianirt^^^^ 

20 As shown lii Hgufis 16, each power Giie Pi^P, lias as»Dciated 13 ink jets 192. Each of the 13 

ink jets 192 for each power line PrPs is coupled to a ifespectwe address line A^Aij, provhltng a total of 104 (8x13) 
ink jets 192. In order to "fire' an ink jet 192, its cortespohdihg power fine and addressTihe nwst h^^ 
turned dn so as to provide a conduction |]^th from the dc regulated output voltage (Vc) of the power supply 80 to 
electrical grounds thereby closing the circuit for the respective mk jet 192^^^ For exarnpfe, if h ii^ 

25 jet ig2a as shown in Figure 16> the swhdi 190 corresponding to power line 1 (P^) must be closed as well as the 
switch 194 corre^pond'ng to addr^ 3 (A3). Only then wllj the ink jet 192a be caused to fire. As described 
above, the switches 190 corresponding to the power fines PvPs and the swHches 194 corresponding to the address 
lines A|-A,3 may be bipolar NPN transistors which are acthrated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to activate the respective power or address fines, 

30 iii accordance. with the invention. 

Referring to Figure 17, an ink jet matrix 44a. corresponding to the printhead cartridge 44 of Figure 1 6, is 
illustrated. The ink jet matrix 44a illustrates the relatkmship between each ink jet 1192 and its corresponding power 
end address fines. Each of the power fines P^Ps is turned on and off depending on whether an ink jet 19^ 
correspondingto the respective power line is desired to be fired. Similarly, each of the address lines A, A,3 is turned 

35 on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet l92a, for example, the swHch 190 corresponding to power 
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line and the switch 194 corresponding to the address line A, must both be closed so as to provide a closed 
electrical circuit from the dc output of the power supply to electrical ground for that particular ink jet. 

Figure 17 is not an electrical circuit schematic diagram/but rather, an illustration of the correspondence 
between a power line and an address line for each respective ink jet 192. Furthermore, the ink jets 192 are not 

5 necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the ink jets 192 directly contiiscted to adjacent ink jets 192 as suggested by Figure 17. Rather, in a preferred 
embodiment, each ink jet 192 is ind^endently coupled to its respect'nro power and address line such that the firing 
of one ink jet does not affect the fiM^o^^ jet. As shpwii in Figure 17# each of the ppyyer fines P| Pb 

is cpupied to the dc output of the swit 16, Correspondingly, e^^^^^ 

10 lines A|-Ai3 is cpMpletf to grqundl. In one embodiment,: each printhead cartridge 44 inctudes Ks own separate and 
independent pbvver iffiies Pi'P^. Howevpr^ the address Tmes ArAis are common to all the printhead cartridges 44 
within e prhtheed "Cprriage 42 (R^^^ 1): therefore, as shown in Hgure 17, eac^^bf the addri^s lines A|*A|3 
continue on tbWP^ 

: Referring once again to Figunre: 1 6^ jet compefisation circuit TBO fijir^ inc|l|des a puD^down 

15- reisistor {R^ 172 and a pu^^ 

the piill down switch 174 is iaf bplar N^^ Figure IB, tf^ pul|-||!d^^^ 172 and 

the pun-dovvn svvhch 174 are coupled to th^^ 

withMi^ 

The reguj^cjd d^ mitput ypJtegiB 

20 and thereby pulling down the magnitude of the feedback vohage (Vfb) which is applied to the feedback port (FB) of 
the swhching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pull down resistor (R4) 172 and the circuit ground, thereby eff^ adding the pull down resistor (R4) 172 
in parallel with the third resistor (R3) 170 of the voltage-dWider resistor network. By adding the pull down resistor 
(R4) 172 in parallel with the third resistor (Ra) 170, the effective feedback resistance (Rnt) is decreased. The value 

25 of the effective feedback resistance (Rf^) is governed by the f^^^ 




Because the feedback voltage fSfJi is directly propbrtional to the effective feedback resistance (Rn), a 
decrease in (Rfb) leads to a proportional decrease fai (V^). When the feedback voltage (Vfb) is decreased by turning 
on the pull-down transistor 174, thereby decreasing the feedback resistance Rfb. the switching power supply 80 
30 compensates for this decrease in feedback voltage by increasing the regulated dc output voltage (Vq). The switching 
power supply does this by increasing its "switching duty cycle,* i.e., providing a longer pulse waveform to the low* 
pass filter comprising the output inductor (LI) 162 and the output capacitor (C,) 184. The pulse square wave begins 
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charging the output capachor (C|) 164, there^^^^ 164. The 

switchirtg power supply 80 comihues to provide filter, uhtll the 

regulated autpiit voltage (VJ is stabilized at a hew higher voft^^^ the output voltage (Vd increases until the 
directly propbrtiohal feedback voltage (Vps) reaches its previbuis; voltagejeyels pr^ to the pull down transistor 174 
5 being turned on. At this point, the regulated output voltage (Vc) becbmes stabilized at its new higher value and the 
s wit cihirig power sup^^^ 80 teHiporariiy ceiasw^ 

After the regulated dc output voltage (Vy has been elevated to hs new voltage level it may then be 
decreesed ^t^^^ yoltjage leyej by turning off the tr^^ off the transistor 174 the 

effective feedback resistance once again resume^ higher value whic^^ the resistance of third 

10 resistor (Rsl i i^. This in turri increases the feedback to tfte switching power 

supply 80 that the output voltage level (VJ is too high. At this point, the pdvyer supply 80 is not providing a pulse 
waveform to the low-pass filter, and therefbre; the ybltage^ capact||br (Cv) i€4 is decreasing as 

currem discharges from the capacHqr 1^ 
address lines A,^^ 
: 15" ■ resistant 

the bleie^ reisiis^^^ 166, at a rate w^ ica|Mi[citar^^^ 
anid invi^ifsiely pr^ 

^ Ref errmg to Figure 18, ;a ybltdge response discharge of the output capacitor (C|) 1 64 

(Figui^ I6)r ^ s!^^ The vertical ax^^^^ 

20 output vd!tage:(Vc) and the horizoiital axis of the response curve indicates time. At a time to the^regulated output 
yohage is in a stabifized, elevated state^ indicated by Vh, arid the puD-down transistor 174 (Figure 16) is turned on. 
At tiitie t„ the trahsistdr 174 is turned bfif, thi^reby thcreasing the effectWe feedback resis^^^ to its original 

value of R3 170. This prbportiohally increases the fe^^^^ voltage fevel Vn which in tiirn indicates id the switching 
power supply 80 that the regulated output voltage is too high. At this point, the switching pdwer supply 80 is 

25 not providing a pulse square wave output signal to the inductor (Lt) 104 and capacitor (C,) 164 (Figure 18) and the 
switching power supply is effectively t^^ 

From t, to tj* the output capacitor (C^) 164 discharges at a rate which is inversely proportional to the 
resistance at the output of the switching ppweir supply 80. Jlie voltage decay resulting from the discharge of the 
output capacitor (C,) 164 when no mk jets are being firedr and no power or address lines are turned on, is indicated 

30 by: the response, curve 400,. As discussed above, when no ink jets 192 are being fired, arid rid address or power 
lines are turried on, the effective dutput rdsbtarice of the switchii^ power supply 80 is equal to (R,) 186, coupled 
in parallel with the sum of the series resistdrs (R,) 168 arid (Ra) 173. However, for purposes of the following 
discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the output capacitor (C|) 164 to 

35 discharge through the bleed resistor (R,) 186, such that the regulated output vohage (V^) decreases from (Vh) to 
(Vreg)* is illustrated as r - t, - 1,. t is referred to herein as the reference discharge time period. 
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By measuring the reference discharge time period r required for the output voltage (Vc) to decrease from 
a value of \ to Vrhj, a reference value which is inversely proportionarto the a™ 

output of the switching power supply 80 is obtiaiFuid. Wis output referen^^^ indicates the ambuht of 

current pulled from the switching power supply 80 when no ink jets 192 ara being fired, i.e., aU power lines PrPe 

5 and all address lines A,^A^3 are turned off. This reference discharge period is measured from the point when the 
pull down transistor 174 (Hg. 16) has been turned biack off at time tv after the output voltage Vc has stabilized at 
its new higher value Vh, until the point in tinw when the switching power supply resumes switching, i.e., outputting 
a pulse waveform, at time ts- A sensor 180 cbupied to the output of tlie svyitching power supply 80 detects the 
pulse waveform output (Vout) of the svyitching power supply 80 at tone t, and records the tjme of detection. The 

10 sensor 1 80 may be any one of numerpus cir^^^^^^^ are capable of detecting a p^lse waveform : 9nd which ai^ 
vvell-knpwn in the art. 

Similar to the method of obtaining the referi^i^: dis^ period describeid i^iOye, a tiest dis idKa ilgie p&imil 
mar be obtained for each Jbf the fp 
an address Bne AjrA^ is tu^ 
15 : lifie is simiii^ 

Mih of ftp power fines^^P^^ For 
exaiiiplie by turning oh each of the address lines A^ A,,, each 

of the (jt^^ P,^P, rnay^^^^^^^^ TOui e&h e^ 

indhridually tested. 

20 As discussed above Jn order to fire an ink jet 190, a corresponding power line and address line must be 

«» • ■ .. . . . - ■ '. : ■ .■ ■■ 

simujtaneousiy on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 prdvi^^^ the desired vbhage and 
current across the respective ink jet to be fired. Therefore, when a power line is turned on without turning on any 
address line, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no additional current draw from the capacitor (Ci) 164. By successvely 

turning on each power fine, one at a time, with the turning of f of the pull down transistor 174 at time t|, it can 
be determined whether a power line, by itself, is drawing additranal 'current from the power supply 80 w^^ it is 
turned on. Since there shpuld be no additipnal curre^^ draw from a single power |jn no address lines are 
simuhanepusly on, the test discharge period r^^ shpuld be equal to the reference discharge period r. However, if 

30 the test discharge period r^^ is measured to be substantially shorter than the reference discharge peripd r, this 
necessarily indicates that additional current is being drawn by the turning oii of that respective power line. As 
shown in Figure 18, if the test voltage response curye 402 falls to V,^ m an amount of time indicated by r,^ which 
is substantially shorter than r, the respecthre power fine is determined to have a short circuit and/or an undesired 
ctosed circuit to electrical ground associated with that power line. In one embodiment, if the test discharge period 

35 r,M, is less than 30% of the reference discharge perkid r, the respective power fine is determined to be defective, 
or nonfunctional 
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In the circuit illustrated Figure 16, tlie turning on of a power line may be accompfished by providing a 
voKage piilse to the cbn'espondihgNPN transistor 190 for that pbw^^^^^^ In one embodiment, the pii turning 
on a respective power fine during' testing p which Is 16 times that of a pulse which 

is used to turn on the power line during actual firing of an ink jet during normal operation of the ink jet printer 54 
5 (Fig. 1)^ As explained in further detail below^ the 1/16th duty cycle of the ^actukr pulse whi fire an 

ihk j<^^ 

for by dividing any measured current draw 

cycle of the test pu^^ output capacitor (C^) 164 to discharge by an amount 

proportional to dV during testing of the power fines. Additibnally, the increased d more accurate 

10 measuremem of the characterist^ 

After all the power lines P,-Pb have bee^ tested, each address line A,-A,3 can be tested one at a time in 
a sinnillar fashion to the testing of eiach power fine P,-P8 as described above. The prcr^dure for testing an address 
line may be identical to the procedure for testing a power line and, therefore, need not be repeated here. 
From Equation 1 above/ we know that the average current pulled from the svvhchirig pow 
15 by the equation 1^^^ - C x (dV/d11> where d is the output capacitartbe vaiuie capaicitbr (Gv) 164^ dV is a 
change in voltage of the regulated dc oiutpu^^ capacitor 1154 dis^^^^^ and dT is the time 

measured for the voltage change to occur. From this equation, we see thbt the current draw output 

capecitor (C|)^1 

. : ; :. as^t^^^^ 

20 discharge pernd in m pbssibtb to balctilate the average Wrent^^^^^^ 
the time period required for the vpltage acr^^ 

By cdhductihg a libdal aiialysas at the output of the swltch'in^^ the fbHowing 

equatibr^^^ 

25 where l,sui the total amount of current drawn from the output capacitor (C,) 164 when an ink jet is fired, \^\% 
the amount of current drawn by only a single ink jet when it is fired, Ip is the amount of current drawn by only a 
single power line when it is turned on (note that a properly functioning power line should draw negligible current), 
I. is the amount of current drawn by only a single address line when it is turned on (note that a properly functioning 
address line should draw negUgible current), and l^f is the amount of current that is drawn by the "bleed" resistor 

30 (R,) 166. 

By rewrKing the above equation in terms of discharge periods which are inversely proportional to their 
respective currents, the following equation is obtained: 
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tn. a a. a 



where is equal to the measured discharge period when a single ink je^^ is fired^ represents tho discharge period 
whidi is Inverseiy propphional to th^^^ actual burirent^d^^ single ink jet when it is fired, P, represents 

the discharge period which is iiiversety proportional to the actual current drawn by only a single power fine when 
it Is turned on, A, represents the discha^ js inyerseiy prppprtipnal tq thj^ nctual current drawn by only 

5 a single 9ddre$$ lin^ when it is turned on, and r U^ e^^^^ 

proporltonaltp the: ameunt 0f cMJrrent dra^^ ; 

Bei^iise the bleed resi$bpr 186 cpntiiiHi aiiy measured 

values of current dravwh by f irihg qh|y a sihg^ fjirirtg ah ink jet, must 

take into cohsideraition the cpiiitnniuQuM^ With this in mind^^w^ 

1 P following equation with respect tip the measufed c^^^^ drawn from the Mftchingjp^^^ when only a single 
address%e:tt-turnei].-bn:' - ^ 

111 

• = +. — (6) 



where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned bh/ Note t 
15 1 64 through the bleed resistor (R1 ) 1 66 is represented by llr. From Equation 6, we can obtain the actual current 
drawn by the address line as follows: 



— = — - - (7) 

.■.'4m...:.. 



Similariy, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 

(8) 

m a 
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where is the measured discharge period for the capacit an ce vdltag e (Ve) to change by an amount d V when only 
a $myte |i^ to 
the fact that during the test mode. ' ^ 

The power line is turned on for a duration which is 16 times the duration that the power line is turned on 
when firing an ink jet during normal operation bf the ink jet printer^ In ether words, during actual operation of the 
jrik p^ 111 6th of ; this dutf ^cie of 

the power line during testing of the printhead. From the above equation, we can obtain an equation which represents 
the ijct^^ 



i 







(9) 



Jl = J_ - JL - J_ _ 1 

J, ^ 



JL = JL + _J_ - ^ _ J_ Tir;:-z!:i;:;^''^ 

4: .■ -HI:, ■ ...■■.....•....:m. ■ • 



15 that Us yibltd^^ r repre$ehtis the amiount^v^ 

tjme dt: require the ypKage capjacK^^^^^ no elements of the 

pnntheaiii canfidge^a capacitor to discharge by an 

amouht iequal td dV. when a smgievpower lirie w 

for the capacltiance to discharge by ah amoiiht equal to dV when only a s^ address line ii^ turhed bh. By 
20 meissurihQ each 0^^ yialues individiiiailly;^ value T/J,: may be obta^^ cliscussed above, Is diri^ctly 
proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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made as to whether that ink j^t is^^^^^ e.g., H$ drop ejection rest^^ the 
poiW!^ tine or address line for^^ 

Thus/ the invention provides a method and system in which the actual current drawn from the output 
capacitor (C|) 164 whein a single^^ i 
5 in proiper working conditip^ tiJ^ Aijditipndlly^^ 

cii^iiicitpr (0,) 1 64 \^^m is tiirneii <m li^^Byir ^ amount p^ 

drawn from the outpiiit; caipacitipr^^^^^^^ 
Aftiar theise va|ifl».are pbt^ 

theyf fjan whbpn thi^^^ If thciy j^^^^^ error m^SiSag^ is 

10 provided by ao LCD screen whicti is typically found on most Ink Jet printers today indicating either a failed power 
line, a failed address line, or a failed Inkjet, as desired fay the designer and/or manufacturer of the ink let printer. 
By obtaining these values, i! can ba detemitned whether an ink |et printhead has a^^efecthre power iiiie, or a 
defective address line, ar whether the ink jet nozzle itself is defective. The comparison of the values P. and A. : 
to the threshold values or ranges may be accomplished by any circuit which is well-Jcnown in the electronics arts. 
15 A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing element (i.e., res'ister), is used. Instead, the method and system of the invention 
measures the time it takes for capacitors supplying power to the Ink jet cartridges to discharge by a small amount. 
In one embodiment, measurament sequence is as f oHpws: 

1. Command the output voltage of the syvitching power supply to shift up by dV and allow it to reach : 
20 the new valuiai, This may be iaccompfished by turning on the pull-down transistor 174 (Fig. 16) as described above:. 

2. Activate circuitry^ t^^^^^ tei^it} or 4o hot acth^ 
referieinbe diScharg^^^^ 

3. Command the output voltage of the switching power supply to shift dovvn and start the time 
measurement. This may be accomplished by turning off the pull-down transistor 174> as described above; The 

25 switching power supply wiD not start switching until the output voltage drops to t he cpmrnanded valu^ 

4. When the switching power supply resumes switching; record the time measurement. This will be 
the measured discharge peripi} which 

capacitor C, 164. 

This technque can be usi»i to^^i^ qutesc^t s^^^ 

30 printhead: csiilndg^^ 

cartridge, test the pnnf head cailndge^^H^^ ti^ any cdmbmaiioh the meiasur^eht 

state is iaccqrhplisfiliid by niisas^ ri^rerice discharq^ and is lisetf as; a ref erencei point to cajibrata the 

other measurements* 

In one embodiment^the above-described measurements are conducted f or each address line and each power 
35 Gne, and each ink jet at the startup of the ink jet printer operation. For example, each power line PrPs is 
successively turned on in order to measure the value of the discharge period P„ for each respective power line. 
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: Simibirly^ &a ch a ddress Jlne^ is succesifively tuniQd : on in order to medj^ure th0:iiisehargei period . for each 

::: :::;r^^^ 

dii^ctiarge^^l^ f br each individual in^^^ Cartridge: By fobtaihing the values for elacK 

poWer lih^ eac^ address line, each ink jet, and the iheasurdd reference discharge period, we can obtain the values 
5 for Ai, P, and J. as d^cribed above^ Based on these values for K $nd A„ the method and system of the 
presieirit liiventi^ is ^pablB of distingiiis!^^^ pbWer liitili i failed ail dress linei; or a failed ink jet, 

for example; After a defectWe; or fpe^^^^ 
: : . jajijt ijttiiS: rt^^ tii^ r eji^if* jre^^^ i ; 

As described above, a method and system is provided having significant advantages and features over the 
10 : . prior art. In accordance with the invention, if one or more ink jets In a jet group is detected as being nonfunctional 
the one or more nonfunctional jets may be compensated for by the remaining jets in a failed jet^ respecth^e jet 
group. This is accomplished by assigning replacement jet masks to the remaining factional jets within each jet 
gir9# 

15 -ol^ii^i^^ 



hop|«nt^^ ilf!iiaoiwiiJ«$:fl^ 
; fiinit^itini^j^^^^ toi -i^f 

20 jet Qrdup is 

• :.v....adi!^hc;i^^^^^ . 

::: V Y : lirr^ 
method arid^^s^^ 

fll^int M a : t irite. for exanipliei if ia defect jye jet^^^ theii: prior to the flexii i|« ihe 

25 pirintli^d aver t^ to prmt zdri^ 1 are updated aiid the |riiiitKedd: is 

then aU^ the jet ma^ 

:to:|fir|nt zq^^^^ 

of a prihtirig jobr^^a^ mask to the : re^^^^ groiip miisM^^^^ 
...........aptilieved.... 

30 . : . . : FihaDy, as. described, abo^^^^ method aiid sys^^^^ - 

which the current requtred^^^^ fireriih ink jet lis ho^^^^ vbRage drop acrbsi a series resistor, 

but rather, by measuring the discharge rate of an output capacitor connected to an output of a switching power 
supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 

35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to the Ink jet has been turned on; and comparing these lest discharge rates wfth a 

invention provides a way to determine if there is a defecthre inic jet, a deiectWe power 6ne. or a defective address 

line, for example, and to also distinguish between these types of failurBS. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiments aro to be considered in all respect ^nly as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of eqtiivalency of the claims are to be embraced within their 
scope. 
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1« An ink jet prmter which cbm 
a processor, coupled to a host cotnp^^ 
a memory, coupled to the proces$<^iii|iii(^ 
print mask; 

: a: print logic circuit, coupled to the prowssor^ Wliiblii-: recei^k:il^ the 
operation of the printhead; and 

wherein the printhead includes a plursiR^ of ^^^i^^ each ink jet being assigned to ^^p respective dots 
on a respective raster llne of a recording medium in; ac^^ the 
memory, wherein when an ink jet is defected as teing defecthre, at least a portion of said print mask is replaced 
with the replacement print mask ar$o stored in the memory such that one or more of /^e remaining ink jets of the 
plurality of ink jets compensates for the defecthre ink jet. 

2. The ink jet printer of Claim 1 wherein: 
said printhead includes a plurality of 
being assigned to print respectWe dots on a 

ink jets are divided into a plurality of jet^^^ each jet group having at least one ink jet in each print zone; 

said print mask includes a pluraFity of jet group masks corresponding to a respecth^e one of said plurality 
of jet groups, wherein each jet group mask affoc$te$i^^i^^^^ 
ink jets of a respective jet group; and 

said replacemeift prbit mask included at li^a^^ b^ wtiicK i^plac^ 

mask fora jet group having one or morer nonf iiii^tibhai ink j^ replacemehtijeH^ 
allocates the printing of dots to the remaining functional ink j^^ of the jet group having ona or more non^^^^ 
ink jets so as to compensate for the one or mbire nonftinctibhal i 

31.: : An iifik'jet printer^ com^cing:^^^ 
to print re^pj^ctivb dot s^ k ; respecitive tbi^tbr 1^ a recording mediMm iri. iccordanco: With a . print mas k^ wherein 
when.en ink jet is detected as being. defective^ a^^^^^ said-print mask is.replaced with e :re^^ 

prim::hlaisi:j^^ 
ink- Jet. 

4, the prihter of Clbim: 3-wher^^ 

said printhead comprises a plurality of print zones; and 

said pluraDty of ink jets comprises e plurality of jet groups, each jet group having at least one ink jet 
corresponding to each print zone, wherein each jet group is responsible for printing dots on a respective raster fine 
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of a recording medium, and w\mm when an ink j^t in a jet grqup is non-f unctio^^^ 
iii 



5. .. ■■ Ttie printer of Claim 3 wherein: 

5 said print iTiask comprises a plurality of jet grouj^ 

one of said plurality of jet grpup^ each ^ 

to a respective ink jet In a r especthre jet group; and 

said replacement print mask comprises a repiacement jet group mask which replaces the jet group mask 
for a jet group having one or more non functional ink jets, wherein the replacement jet group mask allocates the 
10 -printhig of dots to the remainjnfl functional ink jets of the jet flroup having one or more ftoMunctional ink jets so 
as to compensate for the one ar more non-functional ink jets. 

6. The printer of Claim 5 wherein said replacement jet group mask comprises a plurality of 
replaceirient Irt mas^ 

15 having one or more non functtonal ink jets, and wherein the pluraOty of Teplacement jet masks allocate the printing 
^f'ddtsio'M^i^^ 
functional ink jets in that jet group. 

7. The printer of Claim 6 wherein, when an ink jet in a jet group is detected as being nonfunctional 
20 during a printing process/ the replacement jet masks assigned to the remaining functional ink jets in that jet group 

successively replace the original jet masks of each respective ink jet in that jet group one print zone at a time, per 

pass 61 the prirtthead p^^ 

mask to the replacement jet group mask 

25 8, The printer of Claim 3 wherein a first subset of said plurality af Ink jets corresponds to a first 

jet group and a second subset of the plurality of ink jets corresponds to a second jet group; 

wherein *mk jets belonging to the first jet group are each assigned to print respective dots on a first raster 
line of a recordinfl 
is detected asielngieli^^ 
30 orirtbreif the::remaim^ 

and'" ■ 

wherein iiik jets belonging to the second jet p 
raster line of the recording medium in accordance with a second jet grpup inask^ whfe^^^ 
second jet group is detected as being defectnre, the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaming ink jets in the second jet group compensates f or the defectwe ink jet in the 
second jet group. 
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fli^::. - The pnnter of Claim 8 whereim ..: 

; wHeneiin,^ w saitf second j^f g^^ of replacement jet 

"* r I 

10. The printer of Claim 9 wherein said plurality of replacement jet masks are sequent jally numbere^^ 
and assigned to respective remaining functional ink jets of the fi^^^ 
10 the remaining functional ink jets such that ascending replacement jet masic numbers correlate with ascending priht: 
zone numbers; and 

when said first jet group is adjacent to said second jet group, the plurality ^f replacement jet masks are 
assigned to respective remaining functional ink jets of the second jet group based on a rotation scheme such that 

^ t|ie^^p^^ 

15 ; group is rotated when compared to the order of assignment of the plurafit 

^ y fiin^ibna as to aVdid t^^^^ to adjiacent 

" •• ihtc jets In one print zone. • 

: :::: 

; rt|j^cin^ pnht mi^sk w bhe or mbrti of the 

. re 

m^h^ wherem sbid pri^^ zones; wJ^ only 

- a piortto^ prinf zohe/ saiil!:^piljrb^ jets ^ortipfrkli; a ;pl^ 

ea^^^^^^^ least one jnic jet cdrresponding to jet group: is respbnsible 

for printing dots on a respectiye raster Riie.o a recording medium*, said print.masV comprising. a plurality of jet group 
30 :ma.sks,::each ; jet group: mi»k cprrespo to a respective one :of sakl .plura^^^^^ groups, each Jet group imask 
having ia piurafity of jet masks, ieach j^t mask cbrrespdhdihg to a respedhre ink jet a respective jet grdiip/ and 
wtiereiti said act of replatihg M least a portion of :said : print m^ cdmprtses: 

when a jet group is determined to have one or more nonfunctional jets^ replacing the jet group mask for 
that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
35 the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 



V P 99/08875 



Page 30 o f 5 9 



WO 99/08875 PCTAJS98/16101 

28 

13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocatMhe printing 
of dots to the remaining functional ink iets b the respective jet group so as to compensate for the nonfunctional 

5 ink jets in that jet group, and wherein said act of replacing said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is dietect«d as being non functional during a printing process, successively 
replacing the original jet masks of each respeethre Ink jet in that jet group with the corresponding replacement jet 
masks assigned to each respectWe ink jet In that jet group one print zone at a tim^ per pass of the printhead over 
10 the recording medium, so as to provide a gradual transition from the original jet grovp mask to the replacement jet 
group mask 

14. The method of Claim 1 1 wherein a first subset of ^aid plurality of ink lets corresponds to a first 
jet group and a second subset of the plurality of inM jets corresponds to a second jet group, and wherein said act 

. 15 of replacing at least a portion of said print mask comprises: 

wten an \nk jet in the first jet group is detected as being defecftve^ replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining inlc. 
jets in the first jet group compensates for the defective ink jet in the first jet group; and 

when an ink jet in the second jet group Is detected as being defecthre, replacing a second jet group mask 
20 corresponding to the second jet group with the replacmnent jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defective ink jet in the second jet group. 

15. The method of Claim 14 wherein said replacement jet group mask comprises a plurafity of 
replacement jet masks, each replacement jet mask determining the printing configuration of a designated ink jet, and 

25 wherein the method further comprises, when both the first and second jet groups hav^ 

when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of vertically adjacent dot^^^ 
a single pass of said printhead over said recording medium. 

3p: 1:6* The method jbf Claint 15: where^ 

respecthfe iiik jirts In the first aW 

designating each replacement jet mask of Sfaid piiirai^ of rep^ 
assigning each replacement jet mask to respective remaining f uiicfra 
iipoh the print zbnis numbers of the remaining functional ink ^^^^^^^ girdiip siich that ascending 

35 replacement jet mask numbers correlate with ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 
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jet group, 3^5100100:: t^^ jet 

orderly j^pjicltivej^u^ group 

is iratated jet masks to^ respective 

5 • ifunib^ the first jet grduM^ maski numbers and print 

zdiiiB :hiart* f iinct jpfial ink jetS Iri this second j$t group is shifted When cOrtijfia^ to the correlation between the 

:^ ; ■ ; 

10 17. An ink jet printer system for detecting a nonfunctional element in an ink jet 

a switching power supply^ coupled to the inkjet printhead, for supplying power to the printtiead; 
an output capadtor, coupled to an output of the switching power supply, f^ storing a dc vdhage therein; 
a bleed resistor, coupled In parallel to the output capacitort for discharging cuiteh^^^^^ 
capacitor; 

.15 an output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across - 

"' the output capacitor between a low state and a high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switchihg^^ p^ 

^^^^^^^^^ y^^^ . 
output capadtor ii^rh^^ 

^^^^ : : " 

; ; a fii^t resistor and a se^ in is^rkis: vvith the first 

resistor^ yvh^ 

7r # s^ 

^ ^|iu|^ 
:. .turitedjonr said^^o^ 

3Q: .is^:tiiimed:b^ the :dutput:capati^^ low iiate at 

a rai6^^^ 

18. The system of Claim 17 wherein: 

said sensor measures said test current by measuring a test discharge period required for said output voltage 
35 to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element whWi has been ac^tiyated; the t 
: : wherein 

said sensor measures said reference current by measuring a reference discharge period required for the 
output voltage to decrease from the high state ta the low state as a result af the output capacltb^^ 
5 cMrrentthraugfitheble$ft^W 

the system flf Claim 
said printhead; sai* 

line^; and one of a of address fine?; 
id • its coniespcindihg Rpw^^^ 

that power fine is turned on, and when an address line is ilesired to be tested, only that address fine is tiirned oii. 

21. An Ink jet printer system for detecting a nonfainctlonal element in an ink jet printhead^ comprising: 
means for supplying regulated power to the printhead; 
15 capacitor means, coupled to the means for supplying regulated power* for storing a dc voltage therein; 

means for discharging current from the capacitor means; 

means for shifting the dc voltage level stored in the capacitor means between a low state and a high state; 
means for measuring a test cunreni discharging from the capacitor means when an element of tlie printhead 
j§ activat^ifc and 

20 riieanS fW comparing the measured test current with a reference current which discharges from the 

capacitor nieans through only the iiiBans for di^ 



25 



22. The system of Claim 21 wherein said rheanifo^^ 
for detecting when the means for supplying power is providing a predeterinined output signaL 



23. The ^stem of Claim 21 vtflrtirei^^^^ 
means for dividing said: dc vpttage level b^ 

means for supplying power whic|tr is reprj^ 
means for adjusting the ir^^ 

■:30" .:":state.ttt-:Hs::hijh:":state^^^ 

24. The system of Clim^ . 
said means for measuring said test current includes means for measuring a test dik^^ 

for said dc voltage level to decrease from said high state to said tow state as a resuh of said capacitor mean 
35 discharging current through an activated element, the test discharge period being inversely proportional to the test 
current: and wherein 



99/08875 



Pag e 3 3 of 59) 



5 



99/08875 PeT/US98/16101 

iiii^ the 
reference^curfant. 

25; A^^^ i9iit|iiiii|: l^^p^ W^^^^ cbitiprisihg the 



storing the regulated power in a capacitor so as to provide a do voltage across the capacitor; 
10 shifting the dc voltage leyel stored in the capacitor from a low state to a high state; 

aUowing ihe capacitor to discharge such that the dc voftage across the capacitor decreases from the high 
state to the low state; r.^ 

; mea^ijriji ciimnt dis^^ the; : capabitt^^^ a : bleed: resisto^^^^ when no : etenients 

. of the printhead are acthrated; 
15 measuring a test current discharging from the capacitor when an element of the printhead is activated; and 

current.' 



, ' 26. tte^^ measuring a 

ia: switch poMf supply : te; prqyidirrg^ a siaiid i capa c|tt)ir> the capacitor: leing coupled to the 

20'- ^ '''--Xiiiiiij^li^ • • ■ - ■ 

: ;;27^.^^^ !;:th|G|[ihiQt^ 

I ^ ■ desiifeC amount' so as to prdviciie a fe^dfiiitk v^ t8 said 

switchmg po^ 

25 adjuring the feedback v^^^ such that said dc voltage level is adjusted from its low state to its 

■ ■"'■7""higfi"$i^ 



28* The nwthod of Glam^^ 

said act of measuring said : test current comprises rineasuring a test: discbarge: period required::f or said dc 
30 yottiig^:)eyel to decrease from $aid;:h^ 

"• through an aethfdti^d el^^ the test cuf^^^^^ 

said act of lirieasurihg said iafere^^^^^ measuring a reference discharge^^p^ 

for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being inversely proportional to the reference 
3B currents 
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29. An ink jet printqr$yst$^^^^ 
iHe necessUy of addi^ 

systiBrn compm^ 

first means for supplv^g regu^^^ 
5 sei^nd ineans for storing a predetermiiied m^nrt^ 

so as to provide a dc voltage; 

third rnean$coup|e(l:to 
into a circuit having a fixed reference resistance; and 

1Q period, which corresponds to the time required to discharge at least a portion of said stored charge into: 

said element of said printhead; ifvith a referonce discharge period whicli corresponds to the time required 
to discharge at least a portion of said stored charge into said circuit having affixed reference resistance. 

30. %ihk 1^ 

15 the 1^ 

rriealMinp^^^^ of 
said prihthead IS properiyr f unctiom 

first means for storing a predetermined magnitude of cbaqe; end 

secon#m^^ coupled to said first means tor discharging said stored charge into a circuit 
20 including 1^^^ 
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